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Description 

The present invention relates to a method for the 
specific detection of mycobacteria and for the dif- 
ferentiation of the Mycobacterium tuberculosis com- 
plex and Mycobacterium avium from other mycobacte- 
ria in clinical material. 

Tuberculosis is an infectious disease which is wi- 
despread around the world, has a chronic course and 
each year leads to the death of more people than 
any other bacterial infection. 

Tuberculosis is particularly localized in the lung, 
and less commonly in the cervical lymph nodes, bo- 
wel or skin. The great differences in the clinical 
course of tuberculosis therefore make accurate de- 
scription of the pathological state and rapid diag- 
nosis, especially at early stages of the disease, 
necessary. 

The species which cause tuberculosis are: Mycobac- 
terium tuberculosis and, very rarely, Mycobacterium 
bovis. These causes of tuberculosis are generally 
comprehended by the term "Mycobacterium tuberculo- 
sis complex". 

One example of the sequelae of chronic tuberculo- 
sis, which is induced in particular owing to the 
spread of the causes of tuberculosis throughout the 
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body, is tuberculous meningitis , which can be diag- 
nosed by lumbar puncture, in which case unambiguous 
and early diagnosis and subsequent targeted inten- 
sive therapy alone are life-saving. Further seque- 
5 lae can likewise be identified or prevented only by 
unambiguous and early diagnosis: tuberculons pleu- 
risy, tuberculons peritonitis, tuberculosis of 
skin, tuberculosis of bones, tuberculosis of joints 
and tuberculosis of the genitourinary system. Tu- 
10 berculosis of the genitourinary system in particu- 
lar has an insidious course with few symptoms and 
therefore often cannot be immediately recognized as 
such, which is why unambiguous and early diagnosis 
of patients is necessary. 

15 In most industrialized countries, immediate notifi- 
cation of a case of the disease is obligatory, not 
least in order to prevent as quickly as possible 
any spread in the population. In some developing 
countries such as Africa, Asia or Oceanea the aver- 

20 age incidence is 200 new cases of the disease per 
100,000 population per year. The average incidence 
even in Western Europe is 30 new cases of the dis- 
ease per 100,000 population per year, and it is 
about 20 in the Federal Republic of Germany. 

25 An increased occurrence of tuberculosis has been 
observable in recent years both in the developing 
countries and in the industrialized nations, deaths 
being recorded regularly in particular in immuno- 
suppressed HIV patients (8) . 

30 It is assumed that at present one third of the 
world's population is infected by the Mycobacterium 
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tuberculosis complex. However, there is a demand 
for rapid and unambiguous diagnosis to detect these 
bacterial strains (9, 14), not just because of the 
general risk for large parts of the world's popula- 
5 tion, but also because of the occurrence now resem- 
bling an epidemic of multidrug-resistant bacterial 
strains (MDRTB) inside or outside hospitals.. 

The HIV epidemic in recent decades, acting as "nu- 
trient medium" for the spread of infectious dis- 

10 eases, has also led in addition to the increased 
epidemiological occurrence of non-tuberculous myco- 
bacteria (4) . Infections caused by non-tuberculous 
mycobacteria resemble a "genuine" tuberculosis in 
affecting organs such as lung, lymph nodes in the 

15 neck region or the skin. On rare occasions there is 
dissemination of the non-tuberculous pathogens 
throughout the body, in which case sequelae resem- 
bling those of a "genuine" tuberculosis may* be ob- 
served. Non-tuberculous mycobacteria lead in pa- 

20 tients suffering for example from cystic fibrosis 
to an additional deterioration in the pathological 
state in the region of the lung (1, 2, 16) . 

The non-tuberculous mycobacteria observed in clini- 
cal practice include: Mycobacterium avium, Mycobac- 
25 terium intracellulars, Mycobacterium kansasii, My- 
cobacterium marinum, Mycobacterium fortuitum, Myco- 
bacterium chelonae and Mycobacterium abscessus (4) . 

The diagnosis of mycobacteria in clinical material 
should ideally permit specific detection of tuber- 
30 culous and of non-tuberculous mycobacteria. 
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In recent years there has been increased use of 
techniques of molecular biology based on nucleic 
acid multiplication, in particular amplification, 
such as the polymerase chain reaction (PCR) , for 
5 the clinical diagnosis of mycobacteria in the labo- 
ratory. PCR methods for amplifying a large number 
of different chromosomal DNA fragments have been 
employed to detect both genus-specific and M. tu- 
berculosis-specific DNA regions (15) . 

10 Genus-specific methods are employed to distinguish 
a mycobacterial infection from other infections. 
Known genus-specific methods are targeted on the 
16S rRNA gene or the gene of the 65 kDa -"heat 
shock" protein. Subsequent specific identification 

15 of some mycobacterial species is carried out using 
conserved hybridization probes (5, 12). Alterna- 
tively, the amplified genes are sequenced (6) or a 
restriction enzyme analysis is carried out (15) . 

The specific DNA regions employed for the species- 
20 specific detection of the M. tuberculosis complex 
by means of PCR include, for example, IS 6110, the 
genes of the 38 kDa-protein, the genes of the 
MBP 64-protein, and the regions mtp40 or pMTb4. 

Apart from these individual laboratory methods, 
25 there are commercially available diagnostic kits 
which are mostly suitable exclusively for the diag- 
nosis of the M. tuberculosis complex. Known kits 
are supplied for example by Roche-Amplicor™, Ge- 
neprobe™ or Abbot™. 
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The methods of molecular biology carried out for 
this purpose include on the one hand multiplication 
of the nucleic acid to be detected (target amplifi- 
cation) , for example by the PGR, by the transcrip- 
5 tion-based isothermal DNA synthesis (TMA) , by the 
ligase chain reaction (LCR) or by the isothermal 
strand displacement amplification (SDA) , and on the 
other hand multiplication of the signal-emitting 
component (signal amplification) , such as by iso- 
10 thermal QP replication. 

The significant fact in the current situation is 
that there is as yet no method accepted as gener- 
ally acknowledged diagnostic standard. In Germany, 
the detection of mycobacteria with the aid of mo- 

15 lecular methods is now monitored twice a year by a 
national quality control. These interlaboratory 
studies revealed weaknesses in the commercially a- 
vailable diagnostic kits and in .various independent 
developments, especially when applied to highly di- 

20 luted samples. It is assumed that systematic weak- 
nesses of the respective underlying detection reac- 
tions are involved. Therefore, all the currently 
existing methods are regarded as unsatisfactory and 
thus in need of improvement. 

25 Further considerable disadvantages of the commer- 
cially available methods are in particular (a) no 
possibility of differentiating between the Mycojbac- 
terium tuberculosis complex and non-tuberculous my- 
cobacteria, (b) a possible nonspecific inhibition 

30 of the amplification reaction in the detection me- 
thod with clinical samples, (c) investigation takes 
a long time (several hours) and (d) the clinical 
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material which can be employed is restricted in 
particular to samples from the respiratory tract. 

The 16S rRNA gene is already employed for the de- 
tection and identification of various human- 
5 pathogenic mycobacteria by PCR (7) . Based on this 
16S rRNA detection system, an algorithm is proposed 
for the specific multiplication of a 1000 bp frag- 
ment of the mycobacterial 16S rRNA using a nonspe- 
cific primer and a genus-specific primer for myco- 

10 bacteria. To confirm that the correct fragment is 
multiplied, genus-specific oligonucleotide probes 
which hybridize with the amplified fragment are em- 
ployed. Species-specific hybridization probes are 
employed subsequently, it being possible by means 

15 of the same amplified fragment to differentiate the 
mycobacterial species M. tuberculosis complex and 
M. avium from other bacterial species (5) . The sub- 
stantial disadvantages of these multistage methods 
are that these detection methods are based on hy- 

20 bridization methods which are complicated in part, 
and requires the employment of highly qualified 
people. In addition, these detection methods must 
: be set up at least overnight; a result is therefore 
available at the earliest on the day following pro- 

25 vision of the sample (5, 6) . It is usually neces- 
sary for patients to be admitted to hospital until 
the results of the investigation are available. 
These methods can therefore be employed only with 
many provisos for routine clinical diagnosis. 

30 Up until now no method is known in the art which is 
suitable for routine clinical use and is distin- 
guished in particular by simple application, and 
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with which it is possible to detect M. tuberculosis 
and M. avium faster and specifically in clinical 
material such as sputum, bronchial lavage, gastric 
juice, urine, stool, bone marrow, blood or biop- 
5 sies, in particular puncture biopsies, and in the 
same method unambiguously to distinguish mycobacte- 
rial infection from other microbial infections. 

DNA extracted from clinical samples contains impu- 
rities which often lead to inhibition of enzyme- 

10 based amplification, in particular the PCR. Thus, 
with the detection methods known at present, there 
is a great risk that a negative. result will be ob- 
tained although the patient in fact has a mycobac- 
terial infection. In the worst case, this results 

15 in an existing tuberculosis being overlooked. There 
has also therefore been the need for some time to 
develop a control system which precludes so-called 
"false-negative" findings in the detection method 
(inhibition control) . 

20 It is known that the use of real-time PCR (Rapid 
Cycle PCR) , which is equipped for example with an 
air temperature-controlled system and thus exhibits 
considerably shorter transition times compared with 
a conventional PCR, leads to a distinctly reduced 

25 time until, for example, M. tuberculosis is de- 
tected (2) . 

In addition, fluorimetric measurements, especially 
when they are employed within the framework of the 
real-time PCR method, represent a fast and sensi- 
30 tive method for detecting amplified gene fragments. 
In (3), a real-time fluorimetry was employed to de- 
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tect M. tuberculosis in expectorations using the 
TaqMan™ system. 

The LightCycler™ system of Roche Molecular Bio- 
chemicals, which is an embodiment of real-time PCR, 
5 has now likewise been employed to detect M. bovis 
in bovine faeces and to detect rifampin or isoni- 
azid resistence-related mutations in M. tuberculo- 
sis (11, 13) . In both these studies, the multiplied 
fragments were typically 200 base pairs long. It 

10 has to date been assumed, because of the high 
throughput of the LightCycler™ system, that multi- 
plication of larger DNA fragments of mycobacteria 
is difficult or impossible because of the high CG 
nucleotide content of about 65% up to 75% which oc- 

15 curs in mycobacteria. 

Based on the prior art, a considerable disadvantage 
of previously disclosed detection reactions is that 
mycobacterial infections in clinical material can- 
not yet be distinguished unambiguously from non- 
20 mycobacterial infections: the genus-specific region 
II, "genus II", on the 16S rRNA gene of mycobacte- 
ria is known in the art, it being possible by means 
of a specific hybridization probe pair and of a 
melting curve analysis to differentiate a large 
25 number of mycobacterial species on the basis of a 
higher melting point of the probe pair from other 
bacterial species and other microorganisms (6). Ho- 
wever, certain mycobacterial species such as M. 
triviale , M. agri, M. Xenopi or M. chitae also show 
30 a low melting point, so that it is quite impossible 
according to the state of the art to distinguish 
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mycobacteria from non-mycobacteria unambiguously, 
especially in a single method step. 

With this background, the technical problem of the 
present invention is to provide an improved method 
5 which enables in particular a particularly fast 
and, at the same time, more specific detection of 
mycobacterial infections in clinical material of 
varying origin and identification of the species M. 
tuberculosis complex and/or M. avium in a joint de- 
10 tection method. 

The present invention solves the technical problem 
by providing a method for the joint, specific de- 
tection of a mycobacterial infection and of the My- 
cobacterium tuberculosis complex and/or of Mycobac- 
15 terium avium vis-a-vis other mycobacterial species 
in clinical material, where 

(a) microbial DNA is extracted from the clinical 
material and then 

(b) at least one fragment of the 16S rRNA gene from 
20 the microbial DNA is amplified with a primer pair 

comprising the nucleotide sequences SEQ ID 

"NO: 1/SEQ ID NO: 5, 

or 

is amplified with two primer pairs, where one pri- 
25 mer pair comprises the nucleotide sequences SEQ ID 
NO: 2/SEQ ID NO: 3, and the other primer pair is 
employed immediately previously or subsequently or 
simultaneously and comprises the nucleotide se- 
quences SEQ ID NO: 4/SEQ ID NO: 5, and then 

30 (c) the at least one amplified 16S rRNA gene frag- 
ment is detected by means of at least one pair of 
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labelled hybridization probes which hybridize with 
hypervariable species-specif ic regions of the 
16S rRNA fragment of mycobacteria, where the pair 
of labelled hybridization probes for detecting the 
5 M. tuberculosis complex comprises the nucleotide 
sequences SEQ ID NO: 6/SEQ ID NO: 7 or the pair of 
complementary sequences thereof, and where the pair 
of labelled hybridization probes for detecting M. 
avium comprises the nucleotide sequences of SEQ ID 
10 NO: 8 /SEQ ID NO: 9 or the pair of complementary se- 
quences thereof, and then, simultaneously or imme- 
diately previously in time 

(d) the at least one amplified 16S rRNA gene frag- 
ment is detected by means of a pair of labelled hy- 
15 bridization probes which hybridizes with the genus- 
specific region III of the 16S rRNA fragment, where 
the pair comprises the nucleotide sequences SEQ ID 
NO: 10/SEQ ID NO: 11 or the pair of complementary 
sequences thereof, and where 

20 (e) the specific detection of the mycobacterial ge- 
nus and the detection of the M. tuberculosis com- 
plex and/or of M. avium takes place in steps (c) 
and (d) by means of melting curve analysis. 

The invention thus advantageously provides for the 
25 detection, in a unitary joint procedure, of myco- 
bacteria as genus together with the species- 
specific detection of M. tuberculosis complex to be 
possible. The invention also makes a joint unitary 
specific detection of the genus Mycobacterium to- 
30 gether with the species-specific detection of M. 
avium possible. Finally, the invention also makes 
the joint specific detection of bacteria of the ge- 
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nus Mycobacterium together with the species- 
specific detection of M. tuberculosis complex and 
of M. avium possible. 

A considerable advantage of the method according to 
5 the invention is that it is possible in the com- 
bined detection method employed for the diagnosis 
of mycobacterial infections to identify, unambigu- 
ously and reliably, both an existing mycobacterial 
infection vis-a-vis other microbial infection, and 
10 an existing tuberculosis vis-a-vis non-tuberculous 
infections. This detection was not possible in the 
prior art in such an advantageous manner. 

The unambiguous detection of a mycobacterial infec- 
tion vis-a-vis other microbial infections takes 

15 place according to the invention by analyzing the 
melting temperatures of the hybridization of the 
genus-specific hybridization probe pair, which com- 
prises the nucleotide sequences SEQ ID NO: 10/SEQ 
ID NO: 11 or the pair of complementary sequences 

20 thereof, with the genus-specific region III of the 
16S rRNA gene. In the detection methods of the in- 
dention, mycobacterial strains are distinguished by 
melting temperatures of at least 55°C, in particu- 
lar of 55°C and 61.5°C. In a further variant of 

25 this detection method, when the melting temperature 
of 55°C occurs it is possible to identify the myco- 
bacterial strain M. chelonae unambiguously vis-a- 
vis all other mycobacterial strains, which have in 
particular a melting temperature of 61.5°C, and to 

30 detect a mycobacterial infection by M. chelonae. 
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As a further advantage, the method of the invention 
permits not only unambiguous and reliable detection 
of a tuberculous infection but also unambiguous and 
reliable detection of a non-tuberculous infection 
5 caused by M. avium. 

Unambiguous detection of a tuberculous infection by 
strains of the M. tuberculosis complex takes place 
according to the invention by analyzing the melting 
temperatures of the hybridization of the species- 

10 specific hybridization probe pair for the 
M. tuberculosis complex, the pair comprising the 
nucleotide sequences SEQ ID NO: 6/SEQ ID NO: 7 or 
the pair of complementary sequences thereof, with 
the species-specific region of the 16S rRNA gene. 

15 In the detection methods of the invention, strains 
of the M. tuberculosis complex are distinguished by 
melting temperatures of at least 55°C, in particu- 
lar of 64°C. 

Unambiguous detection of a tuberculous infection by 
20 M. avium takes place according to the invention by 
analyzing the melting temperatures of the hybridi- 
-zation of the species-specific hybridization probe 
pair for M. avium, which comprises the nucleotide 
sequences SEQ ID NO: 8/SEQ ID NO: 9 or the pair of 
25 complementary sequences thereof, with the species- 
specific region of the 16S rRNA gene. In the detec- 
tion methods of the invention, M. avium is distin- 
guished by melting temperatures of at least 55°C, 
in particular of 61°C. 

30 The aforementioned method is preferably carried out 
according to the invention with an internal stan- 
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dard of the invention in the form of artificial 
plasmids, control plasmids, for identifying so- 
called "false-negative" findings. One variant pro- 
vides for a first portion of the extracted micro- 
5 bial DNA to be subjected to the aforementioned 
method with steps (a) to (e) , and for a second por- 
tion of the extracted microbial DNA to be, in an 
approach parallel to the aforementioned method, 

(a' ) mixed with at least one artificial plasmid, 
10 preferably subcloned in pGEM-T, which serves as in- 
ternal standard, where the artificial plasmid in- 
cludes a genus-specific region III of the 16S rRNA 
with a modified nucleotide sequence, and then 

(b' ) fragments of the modified 16S rRNA genes to be 
15 multiplied by means of at least one primer pair se- 
lected from the group of primer pairs consisting of 
nucleotide sequence pairs SEQ ID NO: 1/SEQ ID NO: 5 
and SEQ ID NO: 4/SEQ ID NO: 5, and then 

(c') the multiplied 16S rRNA fragments to be de- 
20 tected by means of a pair of labelled hybridization 
probes which hybridize with the modified genus- 
specific region III, where the pair of labelled hy- 
bridization probes comprise the nucleotide se- 
quences SEQ ID NO: 10/SEQ ID NO: 11, and where 

25 (d f ) during the detection the 16S rRNA fragments of 
mycobacteria and the modified 16S rRNA fragments of 
the internal standard are specifically detected by 
means of melting curve analysis. 

In a further preferred variant of the method of the 
30 invention, steps (a), (b) , (c) , (d) and (e) of the 
aforementioned method are carried out, where the at 
least one artificial plasmid is mixed in step (a) 
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with all of the extracted microbial DNA and, after 
amplification as claimed in step (b) , the detection 
and melting curve analysis for detection of the 
multiplied 16S rRNA fragments of mycobacteria and 
5 of the modified 16S rRNA fragments of the internal 
standard is carried out, in particular simultane- 
ously, as claimed in steps (c' ) and (d' ) . 

Use of a control plasmid in the detection method of 
the invention makes it advantageously possible to 

10 check the success of the amplification reaction e- 
ven during the mycobacterial detection reaction in 
order thus to obtain a reliable and unambiguous re- 
sult particularly quickly. In particular, so-called 
"false-negative" findings associated with inhibi- 

15 tion of amplification are virtually precluded 
through the use of the plasmid of the invention as 
internal standard. The specificity and selectivity 
of the method of the invention are thus distinctly 
increased compared with the prior art. 

20 In connection with the present invention, the words 
"primer pair comprising or including the nucleotide 
..sequences", "a pair of hybridization probes com- 
prising or including the nucleotide sequences" or 
the like mean that the respective nucleotide se- 

25 quences or the pair of nucleotide sequences each 
have/has the nucleotide sequences referred to, 
meaning that these nucleotide sequences or the pair 
thereof consist/consists of the specifically men- 
tioned nucleotide sequence alone, or, where appro- 

30 priate, include/includes further sequences. 
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In connection with the present invention, the term 
"Mycobacterium tuberculosis complex" means the tu- 
berculous mycobacterial species Mycobacterium tu- 
berculosis, especially the strain H37Rv, and Myco- 
5 bacterium bovis, especially the strain R99, these 
strains being causes of the disease tuberculosis, 
and the BCG Pasteur strain of Mycobacterium bovis. 

In connection with the present invention, the term 
"tuberculous" describes a property relating to My- 
10 cobacterium tuberculosis , especially the strain 
H 3 7 R v , and Mycobacterium bovis, especially the 
strain R99, in the narrower sense, and to the, BCG 
Pasteur strain of Mycobacterium bovis in the wider 
sense, and the pathological state of tuberculosis. 

15 In connection with the present invention, the term 
"Mycobacterium avium" means the non-tuberculous my- 
cobacterial species Mycobacterium avium, especially 
the strain ATCC35712, and the subspecies thereof 
Mycobacterium paratuberculosis, especially the 

20 strain Pat. 6783. 

In connection with the present invention, the term 
"non-tuberculous" means a property connected with a 
disease other than tuberculosis and being in par- 
ticular a mycobacteriosis . 

25 In connection with the present invention, clinical 
material means clinical samples such as sputum, 
bronchial lavage, gastric juice, urine, stool, CSF, 
bone marrow, blood or biopsies, especially puncture 
biopsies, for example from cervical lymph nodes. 
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In connection with the present invention, the term 
"modified nucleotide sequence" means a nucleic acid 
sequence which differs through exchange, inversion, 
deletion or addition of at least one nucleotide, as 
5 well as an unusual or synthetic nucleotide, from 
its original sequence, i.e. the wild-type sequence, 
in at least one nucleotide, preferably in two nu- 
cleotides. In this connection, the term "modified" 
means a property relating to a "modified nucleotide 
10 sequence". 

In a preferred embodiment of the aforementioned me- 
thods, the amplification of the gene fragments of 
the 16S rRNA gene is carried out by means of a po- 
lymerase chain reaction (PCR) . The amplification is 

15 preferably carried out by means of real-time PCR 
(rapid-cycle PCR). It is possible in real-time PCR 
methods to observe the multiplication of the PCR 
products in real time amplification cycle by ampli- 
fication cycle. The amplification is particularly 

20 preferably carried out in a LightCycler™ system 
from Roche Molecular Biochemicals , which is an em- 
bodiment of real-time PCR. 

For this purpose, in particular, besides the poly- 
merase, the nucleotides, the buffer solutions and 

25 the primers, also added to the initial PCR mixture 
are hybridization probes which bind specifically to 
the desired PCR amplification products. In this 
connection, in particular, two sequence-specific 
oligonucleotide probes labelled with different dyes 

30 are used. The sequences of the labelled hybridiza- 
tion probe pairs of the invention are selected so 
that they hybridize onto the target sequences of 
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the amplified DNA fragment in such a way that, in 
particular, the 3' end of one probe is located clo- 
se to the 5' end of the other probe, thus bringing 
the two dyes into the direct vicinity of one an- 
5 other, with the distance between the two probes be- 
ing in particular between 1 and 5 nucleotides. 
There is in particular a fluorescence resonance en- 
ergy transfer (FRET) between the two dyes of the 
hybridization probes and thus a shift in the fluo- 
10 • rescence spectrum, with the degree of fluorescence 
in this wavelength range being a function of the 
amount of detected DNA. 

The FRET system provides according to the invention 
for quantitative measurements of the amount of am- 

15 plified DNA fragments. The selected hybridization 
probes of the invention are able to bind quantita- 
tively, that is to say stoichiometrically, to the 
amplified fragments. In this connection, quantita- 
tive hybridization depends in particular on the 

20 temperature and the degree of homology of the em- 
ployed oligonucleotide probes with the detected se- 
quence on the amplified fragment. 

In a preferred embodiment, the aforementioned fluo- 
rimetric detection of specific DNA sequences in the 

25 amplified fragments is carried out after amplifica- 
tion of the fragments by means of conventional PCR. 
In a particularly preferred embodiment, the fluori- 
metric detection is carried out in a real-time PCR 
during the amplification reactions, whereby for ex- 

30 ample the increase in produced DNA as an increase 
in the fluorescence signal can be followed. 
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In a preferred embodiment of the aforementioned 
process of the invention, the specific detection of 
species-specific and/or genus-specific regions in 
the amplified DNA fragment takes place after com- 
pletion of the amplification reaction, where hy- 
bridization of the hybridization probe pair, pref- 
erably of a FRET pair, onto the regions to be de- 
tected is followed by changing, preferably continu- 
ously increasing, the temperature within the frame- 
work of a melting curve analysis, and simultane- 
ously measuring the fluorescence emitted as a func- 
tion of the temperature. A melting temperature at 
which the hybridization probes, in particular the 
employed FRET pair, now no longer hybridize onto: 
the region to be detected of the amplified DNA 
fragment is determined in this way. The essential 
aspect of a melting curve analysis is that the 
measured melting point is reduced if mismatches oc- 
cur between the employed hybridization probe pair 
and the target region on the amplified DNA frag- 
ment. There is identification in this way according 
to the invention, using hybridization probes, in 
particular using a FRET pair, of the regions of DNA 
-fragments whose sequences differ from one another 
in the nucleotide sequence only slightly, in par- 
ticular by one or a few point mutations. 

The 16S rRNA gene of mycobacteria advantageously 
has both conserved and highly variable regions, 
which permits for example genus-specific amplifica- 
tion of DNA fragments by means of genus-specific 
primers. The aforementioned methods of fluorescence 
detection in conjunction with the melting curve 
analysis are therefore employed according to the 
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invention for the specific detection of the genus- 
specific region III and of the hypervariable spe- 
cies-specific regions of the M. tuberculosis com- 
plex and M. avium on the 16S rRNA gene. 

It is known in the art that mycobacterial 16S rRNA 
genes each comprise two species-specific and two 
genus-specific regions, see Figure 1: 'species (A) • 
and 'species (B) ' , respectively 'genus II' and 'ge- 
nus I', within the scope of the present invention, 
a third genus-specific region on the 16S rRNA gene 
is described, see Figure 1: 'genus III' (of the in- 
vention) . 

Figure 1 additionally depicts diagrammatically the 
primer pairs used for amplification of the selected 
species-specific and genus-specific regions. 

The primer pair .including the nucleotide sequences 
SEQ ID NO: 1 and SEQ ID NO: 5 is employed according 
to the invention for amplification of the genus- 
specific region III of 16S rRNA gene of mycobacte- 
20 ria. In a preferred variant, the primer pair con- 
sists of degenerate or mutated sequences or frag- 
ments thereof, each of which hybridize with the nu- - 
cleotide sequences SEQ ID NO: 1 and SEQ ID NO: 5, 
from which they are derived, the degree of homology 
25 being in each case at least 90%, preferably at 
least 95%, particularly preferably at least 98%. 

The 1000 bp-long fragment amplified with the afore- 
mentioned primer pair comprises both the conserved 
genus-specific region III and the highly variable 
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species-specific regions of the M. tuberculosis 
complex and M. avium. 

It has particularly surprisingly been found with 
the method of the invention that efficient amplifi- 
cation of this 1000 bp fragment and detection ac- 
cording to the invention of the genus- and species- 
specific regions on this fragment was possible in 
particular using the LightCycler™ system - in con- 
trast to conventional opinion - although this myco- 
bacterial fragment has a high GC content. It is 
therefore possible and preferred according to the 
invention to carry out, by means of a single ampli- 
fied fragment of the 16S rRNA gene of mycobacteria, 
a genus-specific detection of a mycobacterial in- 
fection vis-a-vis other microbial infections and 
the species-specific detection of the M. tuberculo- 
sis complex and M. avium. 

The invention moreover provides for the additional 
or alternative use of two further primer pairs, 
where one primer pair amplifies an in particular 
300 bp-long fragment of the 16S rRNA gene of myco- 
bacteria which comprises the species-specific re- 
gions of the M. tuberculosis complex and M. avium, ■ 
where this primer pair consists of the nucleotide 
sequences SEQ ID NO: 2/SEQ ID NO: 3, and the second 
primer pair amplifies a 100 bp-long fragment of the 
same gene, which comprises the genus-specific re- 
gion III, where this primer pair includes the nu- 
cleotide sequences SEQ ID NO: 4/SEQ ID NO: 5. In a 
preferred variant, the two primer pairs consist of 
the pairs of degenerate or mutated sequences or 
fragments thereof, each of which hybridize with the 
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nucleotide sequence pairs SEQ ID NO: 2/SEQ ID NO: 3 
and SEQ ID NO: 4/SEQ ID NO: 5, from which they are 
derived, the degree of homology being in each case 
at least 90%, preferably at least 95%, particularly 
5 preferably at least 98%. 

A pair of labelled hybridization probes which hy- 
bridizes with the conserved genus-specific region 
III is employed according to the invention for de- 
tecting the aforementioned amplified 16S rRNA frag- 
ments of mycobacteria which comprise the genus- 
specific region III and/or the species-specific re- 
gions of the M. tuberculosis complex and M. avium, 
where this pair comprises the nucleotide sequences 
SEQ ID NO: 10/SEQ ID NO: 11 or the complementary 
sequences thereof. It is preferred in this connec- 
tion for the hybridization probe pair to be embod- 
ied as FRET pair, where the hybridization probe 
with the nucleotide sequence SEQ ID NO: 10 or the 
complementary sequence thereof is embodied as donor 
component (= anchor probe) which is preferably as- 
sociated at the 3' -terminal nucleotide with a dye, 
preferably with a fluorescent dye, particularly 
.preferably with fluorescein, and the second hy- 
bridization probe consisting of the nucleotide se- " 
25 quence SEQ ID NO: 11 or the complementary sequence 
thereof is embodied as acceptor component (= sensor 
probe) which is preferably associated at the 5'- 
terminal nucleotide with a further dye, preferably 
with a rhodamine derivative. 



15 



20 



30 



Detection of the aforementioned 16S rRNA fragments 
comprising the species-specific regions is carried 
out according to the invention using at least one 
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pair of labelled hybridization probes, where the 
labelled hybridization probe pairs are preferably 
employed as FRET pairs. Moreover, the species- 
specific hybridization probe pairs of the invention 
5 are employed in analogy to the aforementioned for 
the specific detection of the mycobacterial species 
M. tuberculosis complex and M. avium, where in each 
case one hybridization probe partner (SEQ ID NO: 6 
or the complement, or SEQ ID NO: 8 or the comple- 

10 ment) is embodied as donor component (= anchor 
probe) which is preferably associated at the 3'- 
terminal nucleotide with a dye, preferably with a 
fluorescent dye, particularly preferably with fluo- 
rescein, and the respective other hybridization 

15 probe partner (SEQ ID NO. 7 or complement, or SEQ 
ID NO: 9 or complement) is embodied as acceptor 
component (= sensor probe) which is preferably as- 
sociated at the 5' -terminal nucleotide with a fur- 
ther dye, preferably with a rhodamine derivative. 

20 In preferred variants of the aforementioned embodi- 
ments, the rhodamine derivative is LightCycler Red 
640; in further preferred variants of the aforemen- 
tioned embodiment, the rhodamine derivative is 
LightCycler Red 705; in further preferred variants 

25. of the aforementioned embodiment, the rhodamine de- 
rivative is Cy5 . 

In one variant of the detection method of the in- 
vention, the same donor-acceptor dyes are used in 
each case for labelling the hybridization probe 
30 pairs, preferably f luorescein/LightCycler Red 640, 
in which case the melting curve analysis with the 
genus-specific probe pair for detecting mycobacte- 
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"a xs separated in time or space from the melting 
curve analysis with one of the species-specific hy- 
brxdxzation probe pairs for detecting the M. tuber- 
culosis complex or M. avium, in particular in par- 
D allel approaches in each case. 

In a further variant of the detection method of the 
xnvention, different donor-acceptor dyes are used 
xn each case for labelling the hybridization probe 
pairs, in which case the melting curve analysis 
wxth the genus-specific probe pair for detecting 
mycobacteria, which is preferably labelled with 
fluorescein/LightCycler Red 640, takes pl ace to- 
gether in time and space in one approach with melt- 
ing curve analysis with one of the species-specific 
hybridization probe pairs, which is preferably la- 
belled wrth fluorescein/LightCycler Red 705 for 
detecting the M. tuberculosis complex or M. 'avium, 
where the fluorescence of the genus-specific probe 
paxr xs recorded, preferably in the LightCycler™ 
20 system, with one photodetector channel and the 
fluorescence of a species-specific probe pair is 
recorded with the second photodetector channel. 

In this connection, the present invention further 
relates to oligonucleotide primer pairs for multi- 
plication of 16S rRNA fragments from extracted bac- 
terxal DNA for specific detection of mycobacteria 
and for differentiation of the Mycobacterium tuber- 
culosa complex and Mycobacterium avium from other 
mycobacterial species in clinical material, where 
one Primer pair includes the nucleotide sequences 
SEQ ID NO: 2/SEQ ID NO: 3 or a pair of degenerate 
or mutated nucleotide sequences or fragments 



25 



30 
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thereof. The degenerate or mutated nucleotide se- 
quences have the property of in each case hybridiz- 
ing with the sequences SEQ ID NO: 2/SEQ ID NO: 3, 
with preference in each case for a degree of homol- 
ogy of at least 90%, preferably of at least 95%, 
particularly preferably of at least 98%. 

The invention also relates to a second primer pair 
with a primer with the nucleotide sequence SEQ ID 
NO: 4 or a degenerate or mutated nucleotide se- 
quence or a fragment thereof, which hybridizes with 
the sequence SEQ ID NO: 4, with preference for a 
degree of homology of at least 90%, preferably of 
at least 95%, particularly preferably of at least 
98%. 

In this connection, the present invention further 
relates to oligonucleotide hybridization probe 
pairs for the specific detection of mycobacteria 
and for the differentiation of the Mycobacterium 
tuberculosis complex and Mycobacterium avium from 
other mycobacterial species in clinical material, 
selected from the group consisting of the nucleo- 
tide sequences SEQ ID NO: 10/SEQ ID NO: 11 or the 
pair of complementary sequences thereof, the nu- 
cleotide sequences SEQ ID NO: 6/SEQ ID. NO: 7 or the 
pair of complementary sequences thereof and the nu- 
cleotide sequences SEQ ID NO: 8/SEQ ID NO: 9 or the 
pair of complementary sequences thereof. 

In this connection, the present invention further 
relates to an artificial plasmid, control plasmid, 
preferably obtained by subcloning of the 16S rRNA 
gene into pGEM-T, which serves as internal control 



2SO960 SOsw^wz 
03 .04 .2003 



-25- 



of the amplification (inhibition control) and of 
the specific detection of 16S rRNA fragments of my- 
cobacteria, and comprises a nucleic acid sequence 
of the modified genus-specific region III of the 
16S rRNA gene. The control plasmid of the invention 
is preferably derived through nucleotide exchange, 
nucleotide addition, nucleotide deletion and/or nu- 
cleotide inversion of at least one nucleotide, 
preferably of two nucleotides, from the wild-type 
nucleic acid sequence of the genus-specific region 
III of the 16S rRNA gene. In a further variant, the 
artificial plasmid includes the nucleotide sequence 
SEQ ID NO: 14 or SEQ ID NO: 15, in each of which 
one nucleotide is exchanged vis-a-vis the wild-type 
sequence. It has been found in this connection, 
particularly surprisingly, that through replacement 
of one nucleotide there is a reduction in the melt- 
ing temperature of the genus-specific hybridization 
probes by approximately 1°C. 

In a further particularly preferred variant, the 
artificial plasmid includes the nucleotide sequence 
SEQ ID NO: 16 or SEQ ID NO: 17, in each of which 
two nucleotides are exchanged vis-a-vis the wild- 
type sequence. It has been found in this connec- 
tion, particularly surprisingly, that through the 
replacement of the two nucleotides there is a re- 
duction in the melting temperature of the genus- 
specific hybridization probes by approximately 
14.5°C. This advantageously permits simultaneous 
use of the modified 16S rRNA together with the 
wild-type 16S rRNA to be detected in one approach 
for the melting curve analysis, in particular by 
means of the genus-specific hybridization probe 
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pair of the invention, because their melting tem- 
peratures are distinguishably far apart and thus 
the wild-type 16S rRNA fragment to be detected can 
be detected and identified uninfluenced by the in- 
ternal standard. 

In this connection, the present invention further 
relates to a diagnostic kit for the specific detec- 
tion of a mycobacterial infection and of M. tuber- 
culosis and M. avium in clinical material as clai- 
med in the method of the invention, which includes 
at least one polymerase, at least one, preferably 
all, of the aforementioned primer pairs and at le- 
ast one, preferably all, of the aforementioned hy- 
bridization probe pairs. It is preferred according 
to the invention for the diagnostic kit addition- 
ally to include at least one artificial control 
plasmid of the invention as internal standard. 

Further advantageous embodiments are evident from 
the dependent claims. 
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The invention is explained in more detail by means 
10 of the sequence listing, which comprises Sequences 
Nos. 1 to 17, by means of Figures 1 to 4 and by 
means of Examples 1 to 8 . 

SEQ ID NO: 1 - sense primer (forward primer) of the 
primer pair for amplifying a 1000 bp fragment of 
15 the 16S rRNA gene of mycobacteria, comprising the 
species-specific regions of the M. tuberculosis 
complex and of M. avium and the genus-specific re- 
gion III of the genus Mycobacterium, 

SEQ ID NO: 2 - sense primer (forward primer) of the 
20 primer pair for amplifying a 300 bp fragment of the 
16S rRNA gene of mycobacteria, comprising the spe- 
cies-specific regions of the M. tuberculosis com- 
plex and of M. avium, 

SEQ ID NO: 3 - antisense primer (reverse primer) of 
25 the primer pair for amplifying a 300 bp fragment of 
the 16S rRNA gene of mycobacteria, comprising the 
species-specific regions of the M. tuberculosis 
complex and of M. avium, 
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SEQ ID NO: 4 - sense primer (forward primer) of the 
primer pair for amplifying a 100 bp fragment of the 
16S rRNA gene of mycobacteria, comprising the ge- 
nus-specific region III of the genus Mycobacterium, 

5 SEQ ID NO: 5 - antisense primer (reverse primer) a) 
of the primer pair for amplifying a 1000 bp frag- 
ment of the 16S rRNA gene of mycobacteria, compris- 
ing the species-specific regions of the M. tubercu- 
losis complex and of M. avium and the genus- 
10 specific region III of the genus Mycobacterium, and 
b) the primer pair for amplifying a 100 bp fragment 
of the 16S rRNA gene of mycobacteria, comprising 
the genus-specific region III of the genus Mycobac- 
teri urn, 

15 SEQ ID NO: 6 - antisense hybridization probe, in 
particular donor component, of the probe pair for 
detecting the species-specific region of the M. tu- 
berculosis complex, 

SEQ ID NO: 7 - sense hybridization probe, in par- 
20 ticular acceptor component, of the probe pair for 
detecting the species-specific region of the M. tu- 
berculosis complex, 

SEQ ID NO: 8 - antisense hybridization probe, in 
particular donor component, of the probe pair for 
25 detecting the species-specific region of the M. a- 
vi urn, 

SEQ ID NO: 9 - sense hybridization probe, in par- 
ticular acceptor component, of the probe pair for 
detecting the species-specific region of the M. 
30 avium, 
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SEQ ID NO: 10 - antisense hybridization probe, in 
particular donor component, of the probe pair for 
detecting the genus-specific region III of the ge- 
nus Mycobacterium, 

5 SEQ ID NO: 11 - sense hybridization probe, in par- 
ticular acceptor component, of the probe pair for 
detecting the genus-specific region III of the ge- 
nus Mycobacterium, 

SEQ ID NO: 12 - sense primer (forward primer) of 
10 the primer pair for amplifying the complete 
16S rRNA gene (1523 bp) of mycobacteria, 

SEQ ID NO: 13 - antisense primer (reverse primer) 
of the primer pair for amplifying the complete 
16S rRNA gene (1523 bp) of mycobacteria, 

15 SEQ ID NO: 14 - modified sense primer (forward pri- 
mer) for amplifying a complete control plasmid com- 
prising a modified genus-specific region III of the 
16S rRNA gene of mycobacteria, 

SEQ ID NO: 15 - modified antisense primer (reverse 
20 primer) for amplifying a complete control plasmid 
comprising a modified genus-specific region III of 
the 16S rRNA gene of mycobacteria, 

SEQ ID NO: 16 - modified sense primer (forward pri- 
mer) for amplifying a further complete control 
25 plasmid comprising a further modified genus- 
specific region III of the 16S rRNA gene of myco- 
bacteria, 
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20 



25 



SEQ ID NO: 17 - modified antisense primer (reverse 
primer) for amplifying a further complete control 
plasmid comprising a further modified genus- 
specific region III of the 16S rRNA gene of myco- 



5 bacteria. 

The invention is explained in more detail by means 
of the following exemplary embodiments and the re- 
levant figures: 

The figures show: 

10 Figure 1: Diagrammatic representation of the 

16S rRNA gene of mycobacteria (length: 
1523 bp) , of the position of the spe- 
cies-specific regions, "species (A) " and 
"species (B) ", and of the genus-specific 
regions "genus I", "genus II" and "genus 
III", and of the location and size of 
the fragments amplified by means of the 
primer pairs (1) and (5), (2) and (3), 
and (4) and (5) . 



30 



Figure 2: Sensitivity of the species-specific de- 
tection of the M. tuberculosis complex: 
melting curves of the hybridization of 
the species-specific hybridization pro- 
bes of the invention with the species- 
specific region of the M. tuberculosis 
complex in the amplified 1000 bp frag- 
ment of the 16S rRNA of mycobacteria. 

Figure 3: Modified 1 6S rRNA fragment as internal 
standard (pJL6) : melting curves of the 
hybridization of the genus-specific hy- 
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bridization probes with the genus- 
specific region III and the modified ge- 
nus-specific region III of the internal 
standard (pJL6) when the number of ge- 
nome copies of the genus-specific region 
III to be detected differs. 



Figure 4: Modified 16S rRNA fragment as internal 
standard (pJL6) : melting curves of the 
hybridization of the genus-specific hy- 



Example 1 : 

a) DNA isolation from clinical material 

Microbial DNA is purified, i.e. extracted, from 
20 clinical samples consisting of sputum, bronchial 
"lavage, gastric juice, urine, stool, liquor, bone 
marrow, blood or puncture biopsies in a manner 
known per se for example by means of a Qiamp™ 
MiniKit (from Qiagen, catalogue no. 51306) . Chromo- 
25 somal DNA is quantified by means of the PicoGreen™ 
system (from Molecular Probes) . 

Various numbers of genomic copies per preparation 
to be detected (see below) are obtained by molecu- 
lar weight calculations and carrying out serial di- 
30 lutions. 



10 



bridization probes with the genus- 
specific region III and the modified ge- 
nus-specific region III of the internal 
standard (pJL6) in the presence of a 
differing amount of "background" DNA 
from E . coli. 



15 
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a' ) DNA isolation from culture isolates 

Microbial DNA of various cultures of microorgan- 
isms, for example the organisms listed in Table 1, 
is isolated in particular for evaluating the detec- 
tion methods of the invention. Microbial DNA is i- 
solated from these cultures in particular for ap- 
plying the detection method of the invention to the 
(broth) cultures, obtained from patients' samples, 
of microorganisms to be diagnosed. 

The microbial DNA is then purified, i.e. extracted, 
in a manner known per se for example by means of a 
Qiamp™ MiniKit (from Qiagen, catalogue no. 51306). 
Chromosomal DNA is quantified in a manner known per 
se for example by means of the PicoGreen™ system 
(from Molecular Probes) . 

b) PCR amplification 

A mixture comprising the "LightCycler™ FastStart 
DNA Master Hybridisation Probes" mixture which is 
obtainable ready for use (catalogue no. 239272, 
from Roche Molecular Biochemicals ) is chosen for 
amplification in an optimized LightCycler™ PCR 
(see Example 3) . 

The following reaction mixture is prepared for the 
LightCycler™ reaction : 

• Taq polymerase 

• Reaction buffer 

• Deoxynucleoside triphosphate mixture (dNTP) 

• 3 mmol/1 MgCl 2 
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primer pair a) or b) 

each primer: 18 pmol, equivalent to 1.1 jimol/1 
final concentration: 

a) primer pair SEQ ID NO: 1/SEQ ID NO: 5 
or 

b) primer pair SEQ ID NO: 2/SEQ ID NO: 3 
and primer pair SEQ ID NO: 4/SEQ ID NO: 5 

The primer pair a) SEQ ID NO: 1/SEQ ID NO: 5 
which amplifies a 1000 bp-long fragment of the 
16S-rRNA, comprising the genus-specific region 
III and the species-specific regions, is em- 
ployed according to the invention for the am- 
plification . 

Alternatively employed according to the inven- 
tion are the two primer pairs b) simultane- 
ously in one multiplex PCR mixture, in paral- 
lel mixtures or separated in time, where the 
primer pair comprising SEQ ID NO: 2/SEQ ID 
NO: 3 amplifies a 300 bp-long fragment of the 
16S rRNA comprising the species-specific re- 
gions, and serves for the subsequent detection 
of the M. tuberculosis complex and/or of M. 
avium, and where the primer pair comprising 
SEQ ID NO: 4/SEQ ID NO: 5 amplifies a 100 bp- 
long fragment of the 16S rRNA comprising the 
genus-specific region III, and serves for the 
subsequent detection of a mycobacterial infec- 
tion. 

Oligonucleotide FRET probe pairs c) to e) 
per probe: 2 pmol, corresponding to a final 
concentration of 120 nmol/1: 
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c) SEQ ID NO: 10/SEQ ID NO: 11 for detecting 
the genus-specific region III, 

d) SEQ ID NO: 6/SEQ ID NO: 7 for detecting 
the species-specific region of the M. tuber- 

5 culosis complex, 

e) SEQ ID NO: 8/SEQ ID NO: 9 for detecting 
the species-specif ic region of M. avium 

The probe pair c) SEQ ID NO: 10/SEQ ID NO: 11 
or a complementary or mutated or degenerate 

10 pair thereof is employed according to the in- 

vention for detecting the genus-specific re- 
gion III. If it is intended in the method of 
the invention merely to detect the M. tubercu- 
losis complex in addition to the genus- 

15 specific detection, the probe pair d) SEQ ID 

NO: 6/SEQ ID NO: 7 or the equivalents thereof, 
i.e. mutated or complementary pairs thereof, 
is employed. If, on the other hand, it is in- 
tended merely to detect mycobacteria of the 

20 species M. avium in addition to the genus- 

specific detection, the probe pair e) SEQ ID 
NO: 8/SEQ ID NO: 9 or the equivalents thereof, 
i.e. mutated or complementary pairs thereof, 
is employed. If it is intended to detect to- 

25 gether with the genus-specific region III both 

the M. tuberculosis complex and M. avium, in 
addition to probe pair c) correspondingly the 
two probe pairs d) and e) are employed. 

This reaction mixture is introduced by pulse cen- 
30 trifugation into the glass capillaries of the 
LightCycler 1 * 4 system, and the amplification is car- 
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ried out on the "hot start" principle after initial 
denaturation at 95°C for 10 minutes with the fol- 
lowing steps: 

1, Denaturatiion at 95°C for 3 seconds 

5 2. Primer hybridization at temperatures of 68 °C 

to 62 °C for 2 seconds (touch-down annealing) 

3. Polymerisation at 72 °C for 40 seconds. 

Steps 1 to 3 are performed cyclically a total of 50 
times, with the hybridization in step 2 talcing pla- 

10 ce at 68 °C for the first 5 cycles and the tempera- 
ture being reduced in steps of 1°C per cycle to 
62 °C in the subsequent 6 cycles, and being carried 
out at 62 °C for the remaining cycles. The rate of 
temperature change is 20°C per second in all the 

15 steps. 

c) Detection and melting curve analysis: 

The amplified fragments are detected by using the 
FRET-labelled hybridization probe pairs employed in 
the reaction mixture, where in each case one hy- 

20 bridization probe partner (SEQ ID NO: 10, SEQ ID 
"NO: 6 or SEQ ID NO: 8) is associated as donor com- 
ponent on the 3' -terminal nucleotide with fluo- 
rescein, and the respective other hybridization 
probe partner (SEQ ID NO: 11, SEQ ID NO: 7 or SEQ 

25 ID NO: 9) is associated as acceptor component on 
the 5' -terminal nucleotide with LightCycler™ Green 
640. 

The melting curve analysis which takes place during 
the detection starts with denaturation of the am- 
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plified fragments at 95°C for 30 seconds, followed 
by hybridization with the aforementioned FRET pairs 
at 38 °C for 30 seconds. To determine the hybridiza- 
tion melting curve, the temperature is subsequently 
increased continuously from 38°C to 80°C at a rate 
of 0.2°C/sec with continuous recording of the fluo- 
rescence emitted by the FRET pairs. The fluores- 
cence signal is analyzed by employing the LightCy- 
cler Run Profile programme in version 3.5.3, with 
the amplification of the F2 channel of the photo- 
metric detector of the LightCycler™ system being 
set automaticically. 



Example 2: Artificial plasmid as internal standard 

15 a) Preparation of a control plasmid (according to 
the invention) 

In order have an internal standard available for 
checking the successful selective amplification of 
the desired fragments of the 16S rRNA gene of myco- 
bacteria as in Example 1 (inhibition control), ini- 
tially the complete mycobacterial 16S rRNA gene 
(1523 bp) is amplified with a PCR primer pair where 
the sense primer consists of the nucleotide se- 
quence SEQ ID NO: 12 and the antisense primer con- 
sists of the nucleotide sequence SEQ ID NO: 13. For 
the amplification, 40 cycles of the following steps 
are carried out: 



20 



25 



1. Denaturation at 95°C 

2. Primer hybridization at 56.5°C 
30 3. Polymerization at 72 °C. 
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The amplified fragments are then subcloned in a 
manner known per se for example into pGEM-T (from 
Promega) . 

In order to be able to employ the artificial plas- 
mid as internal standard, the genus-specific region 
III, present in the artificial plasmid (=pIJ6) , of 
the 16S rRNA should differ by at least one point 
mutation from the wild-type nucleotide sequence of 
the genus-specific region III. In order to intro- 
duce at least one specific point mutation into the 
genus-specific region III of the 16S rRNA fragment, 
the plasmids containing the subcloned fragments are 
multiplied by employing modified primer pairs in 
which in each case one or two nucleotides in the 
nucleotide sequences have been exchanged vis-a-vis 
the wild-type nucleotide sequences. 

For this purpose, the following primer pairs de- 
rived from the wild-type sequence of the genus- 
specific region III, in particular from the region 
binding the acceptor component of the FRET pair of 
the invention, SEQ ID NO: 11, are used: 

a) Exchange of one nucleotide: 

forward primer: (SEQ ID NO: 14) 

5'- GGC TTG ACA TGC ACA GGA CGC -3' 

reverse primer: (SEQ ID NO: 15) 

5'- GCG TCC TGT GCA TGT CAA GCC -3' 

b) Exchange of two nucleotides: 

forward primer: (SEQ ID NO: 16) 

5'- GGT TTG ACA TAC ACT GGA CGC -3' 
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reverse primer: (SEQ ID NO: 17) 

5'- GCG TCC AGT GTA TGT CAA ACC -3' 

In the nucleotide sequences of the invention of the 
aforementioned modified primer pairs, in each case 
5 the underlined nucleotide was replaced vis-a-vis 
the wild-type sequence of the genus-specific region 
III. 

Multiplication of the control plasmids with the mo- 
dified primer pairs is in each case carried out in 
10 a "long range" PCR with a Pfu polymerase, type: 
„Pfu Turbo "Hot Start" DNA" (from Stratagene) in a 
manner known per se in a Hot Start PCR method with 
in each case 18 cycles of the following steps: 

1. Denaturation at 95°C 

15 2. Primer hybridization at 50°C 

3. Polymerization at 68°C. 

Results: 

a) The resulting amplicons are additionally puri- 
fied on a gel, and the point mutations can be sub- 

20 sequently be confirmed by sequencing. 

b) Replacement of the nucleotide 'T' by the nucleo- 
tide 'C' at the 3' end of the region, which binds 
the acceptor component of the FRET pair, of the ge- 
nus-specific region III leads to a reduction of ap- 

25 proximately 1°C in the melting temperature. 

c) Replacement at the 5' end of the nucleotide 'G' 
by the nucleotide 'A' and, four nucleotides distant 
from this, of the nucleotide 'A' by the nucleotide 
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'T' results in a significant reduction of about 
14.5°C in the melting temperature. 

It is found to be particularly surprising that a 
modification comprising two nucleotides of the re- 
gion, which binds the acceptor component of the 
FRET pair, of the genus-specific region III is suf- 
ficient to differentiate a differentiation of the 
16S rRNA modified in this way and present in an ar- 
tificial plasmid from the wild-type 16S rRNA. The 
use of the modified 16S rRNA fragment of the inven- 
tion as internal standard present in an artificial 
plasmid in the method of the invention as described 
in Example 1 is thus particularly advantageous for 
checking the amplification and for verifying the 
detection of a mycobacterial infection. 

b) Suitability o f the control plasmid when the a- 
mount of sample genome is small 

In a further experiment, firstly a control plasmid 
is obtained, as described under a), which comprises 
a 16S rRNA fragment modified by exchange of two nu- 
cleotides through use of the primers of the inven- 
tion SEQ ID NO: 16 and SEQ ID NO: 17. In each case / 
50 copies of the control plasmid are mixed as in- 
ternal standard with various numbers of gene copies 
of the 16S rRNA gene of M. tuberculosis and sub- 
jected to the detection method described in Exam- 
ple 1. 

Result : 

In the presence of 50 copies of the internal stan- 
dard it was possible to detect unambiguously by 
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means of melting curve analysis as few as 10 gene 
copies of the 16S rRNA fragment of M. tuberculosis. 
Although the fluorescence signal obtained when the 
number of gene copies is 5 cannot be analyzed by 
5 simple statistical means, a distinct peak is de- 
tectable at the appropriate melting temperature in 
the family of melting curves in Figure 3. 

The use of this internal standard is thus possible 
even when it is to be expected that the number of 
10 gene copies to be detected in the clinical material 
is an order of magnitude smaller than the number of 
plasmid copies employed as internal standard. 

c) Suitability of the control plasmid in the pres- 
ence of "background" DNA 

15 In a further experiment, firstly a control plasmid 
is obtained, as described under a) , which comprises 
a 16S rRNA fragment modified by exchange of two nu- 
cleotides through use of the primers of the inven- 
tion SEQ ID NO: 16 and SEQ ID NO: 17. In each case 

20 50 copies of the control plasmid and 10 gene copies 
of the 16S rRNA gene of M. tuberculosis are mixed 
with various amounts of "background" E. coli DNA in 
the range from 1 pg to 200 ng and then subjected to 
the detection method described in Example 1. 

25 Result: 

In the presence of to 200 ng of foreign DNA, so- 
called "background" DNA, per mixture it was still 
possible to detect 10 gene copies of the 16S rRNA 
fragment of M. tuberculosis unambiguously by means 
30 of melting curve analysis (Figure 4) . 
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The detection method of the invention, especially 
using this internal standard, is thus possible even 
if it is to be expected that a large amount of for- 
eign DNA, "background" DNA, is present in the iso- 
lated clinical material. 



Example 3: Assessment of the efficiency of the de- 
tection method of the invention in the Light- 
Cycler™ system 

The amplification and hybridization based on the 
LightCycler™ system (see Example 1) is investi- 
gated by using genomic DNA of the bacterial strain 
Mycobacterium bovis BCG of the M. tuberculosis com- 
plex as "template". 

Various numbers of genomic copies per PCR reaction 
are obtained by molecular weight calculations and 
carrying out serial dilutions. 

The following parameters were employed for the com- 
bined amplification and hybridization reactions: 

- MgCl 2 concentration 3 mmol/1 

- Primer concentration: 18 pmol per reaction, 
equivalent to a final concentration of 
1.1 umol/1 

- "Hot Start" Tag polymerase of the type "Light- 
Cycler™ FastStart DNA Master SYBR GreenI" 
(catalogue no. 3003230) 

- Polymerization time: 40 seconds 

- Hybridization time: 3 seconds 
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- Hybridization temperature: 62°C, with stepwise 
reduction starting from 68 °C after 5 cycles at 
1°C per cycle. 

Results : 

5 A number of 5 genome copies can be detected repro- 
ducibly in serial dilutions. 

Both the use of a "Hot Start" polymerase and the 
cycle-wise reduction in the hybridization tempera- 
ture prevents the formation of primer dimers and 
10 the increases the sensitivity of the amplification. 

Example 4 : Specific amplification of mycobacterial 
16S rRNA fragments (according to the invention) 

In a first mixture as in Example 1 and using the 
15 appropriate primer pairs of the invention a frag- 
ment, which is 100 bp long in each case, of the ge- 
nus-specific region III (SEQ ID NO: 4/SEQ ID NO: 5) 
and a 300 bp-long fragment of the species-specific 
regions (SEQ ID NO: 2/SEQ ID NO: 3) is amplified. 

20 In a second mixture as in Example 1, a 1000 bp-long 
fragment which comprises both the genus-specific 
region III and the two species-specific regions is 
amplified with the appropriate primer pair (SEQ ID 
NO: 1/SEQ ID NO: 5) . 

25 Subsequently, the sensitivity of the detection me- 
thod of the invention as described in Example 1 is 
tested. 
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Result : 

It surprisingly emerges that the 1000 bp-long frag- 
ment has the same sensitivity of detection vis-a- 
vis the two 100 bp- and 300 bp-long fragments. This 
5 result contrasts with the prejudice in the art that 
the high CG nucleotide content in the 16S rRNA gene 
of mycobacteria leads to nonspecific interference 
with the detection method described in Example 1 in 
a LightCycler™ system. 

10 

Example 5: Sensitivity of the detection method of 
the invention 

The sensitivity is checked by using the 1000 bp 
fragment amplified with the primer pair . SEQ ID 
15 NO: 1/SEQ ID NO: 5 in the detection method of . the 
invention (Example 1) . 

a) Sensitivity of detection of the genus-specific 
region III 

Firstly, serial dilutions, containing in each case 
20 5, 50, 500 or 5000 genome copies, of the genome of 
~M. bovis BCG from the M. tuberculosis complex are 
prepared. 

In further mixtures, serial dilutions of further 
tuberculous and non-tuberculous mycobacterial spe- 
25 cies are investigated. 

Results: 

a) A melting curve can be determined unambiguously 
even with 5 genome copies, and the melting point of 
the genus-specific region III is at least 55°C for 
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all mycobacterial species. The melting point is 
55°C for M. chelonae, and is 61.5°C for all other 
. mycobacterial species • 

b) It is additionally evident that unambiguous de- 
5 tection of the genus-specific region III is possi- 
ble with a number of 5 genome copies for a large 
number of other mycobacterial species, for example 
of M. tuberculosis , M. bovis, M. avium, M. in- 
tracellular, M. paratuberculosis , M. kansasii , M. 
10 marinum, M. abcessus , M. fortuitum. 

b) Sensitivity of the detection of M. tuberculosis 

Serial dilutions of the M. tuberculosis genome in 
each case comprising 5, 50, 500 or 5000 copies is 
prepared as in a) . 

15 Result: 

The melting curve of the species-specific region of 
M. tuberculosis can be determined unambiguously e- 
ven with 5 genome copies (Figure 2) . In this case, 
the melting point is found to be 64 °C (Table 1) . 

20 ~ c) Sensitivity of the detection of M. avium 

Serial dilutions of the genome of M. avium are pre- 
pared as in a) and b) , and a melting curve analysis 
of the amplified fragments is carried out with the 
appropriate hybridization probe pairs . 

25 Result: 

Melting curve analysis of the amplicon is possible 
even starting from 5 genome copies, with a melting 
point of 61.0°C being found (Table 1). 
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Example 6: Specificity of the detection method of 
the invention 

a) Specificity of the amplification primers 

2.5 ng of genomic DNA, equivalent to 500,000 genome 
copies, is extracted in each case per mixture from 
the microorganisms from Table 1 and employed in the 
detection method of the invention. 

As in Example 5, a 1000 bp-long fragment of the 
16S rRNA gene is amplified with the genus-specific 
primer pair SEQ ID NO: 1/SEQ ID NO: 5. 

Results: 

a) Amplification takes place with all the mycobac- 
terial species investigated. 

b) The primer pair employed shows almost complete 
genus specificity for mycobacteria: selected from 
the large number of different bacterial and fungal 
microorganisms, amplification of the 16S rRNA gene 
takes place only for the genus Corynebacterlum . 

b) Specificity of the genus-specific detection 

A melting curve analysis of the in amplified frag- 
ments by means of the hybridization probe pair SEQ 
ID NO: 10 /SEQ ID NO: 11 of the invention, specifi- 
cally for the genus-specific region III, is carried 
out . 
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Results (Table 1) : 

a) All mycobacterial species exhibit a melting 
.point of at least 55°C. 

b) The melting point of M. chelonae is 55°C, and is 
5 61.5°C for all other mycobacterial species. 

c) The melting point in the case of amplified 
16S rRNA fragments of the genus Corynejbacteriu/n is 
43°C, or no hybridization signal whatsoever can be 
detected. 

10 d) All mycobacterial species can be identified un- 
ambiguously vis-a-vis other microorganisms by means 
of the genus-specific detection method of the in- 
vention. 

c) Specificity of the detection of the 
15 M. tuberculosis complex 

Firstly, as in a), in each case 2.5 ng of genomic 
DNA of the microorganisms listed in Table 1 are em- 
ployed, and in each case a 1000 bp-long fragment is 
amplified. 

20 Subsequently, a melting curve analysis of the am- 
plicons is carried out with the species-specific 
hybridization probe pair SEQ ID NO: 6/SEQ ID NO: 7. 

Result : 

Whereas the melting temperature is 64 °C for all of 
25 the species of the at M. tuberculosis complex, the 
melting temperature for all non-tuberculous patho- 
gens is between 43.5°C and 54 °C, if a hybridization 
signal can in fact be detected (Table 1) . 
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It is possible by means of the detection method of 
the invention for tuberculous pathogens to be de- 
tected selectively vis-a-vis all other non- 
tuberculous pathogens. 

d) Specific ity of the detection of M. avium 

Firstly, as in a), in each case 2.5 ng of genomic 
DNA of the microorganisms listed in Table 1 are em- 
ployed, and in each case a 1000 bp-long fragment is 
amplified. 

Subsequently, a melting curve analysis of the am- 
plicons is carried out with the species-specific 
hybridization probe pair SEQ ID NO: 8/SEQ ID NO: 9. 

Result: 

Whereas the melting temperature is 61 °C in all ca- 
ses with M. avium, the melting temperature for all 
other pathogens is between 43.5°C and 54°c, if a 
hybridization signal can in fact be detected (Ta- 
ble 1) . 

It is possible by means of the detection method of 
20 :the invention for the non-tuberculous pathogen M. 
avium to be detected selectively vis-a-vis all o- 
ther pathogens. 



15 



Example 7: Comparative example on the specificity 
of the genus-specific detection by means of the ge- 
nus-specific region II ("genus II") 

In contrast to Example 6 b) of the invention above, 
the hybridization probes which are known in the art 
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and which are selective for the genus-specific re- 
gion II (see Figure 1 ; 'genus II') are used for 
.the melting curve analysis of the 1000 bp fragment, 
amplified as in 6 a) , of the 16S rRNA gene of myco- 
5 bacteria from Table 1. 

Table 1 shows the results of the melting curve ana- 
lysis: whereas a large proportion of the investi- 
gated mycobacterial species has a melting point of 
60.5°C, the melting point of the mycobacterial spe- 
10 cies M. triviale, M. chitae, M. xenopi and M. agri 
is reduced compared with other mycobacterial spe- 
cies (Table 1) . In addition, amplicons were de- 
tected also with the genus Corynebacterium . 

Result : 

15 The melting points found for M. triviale, M. chi- 
tae, M. xenopi, M. agri and all other mycobacterial 
species cannot be separated statistically from the 
melting points found, for the Corynebacterium spe- 
cies. Unambiguous detection of a mycobacterial in- 

20 fection vis-a-vis for example an infection with Co- 
rynebacteria is not possible by means of the genus- 
_specific region II. 

Example 8: Quantitative determination of the con- 
25 tent of mycobacteria in clinical samples (according 
to the invention) 

In the FRET system employed according to the inven- 
tion, under certain conditions the degree of fluo- 
rescence in this wavelength range is a function of 
30 the amount of DNA present and detected in the sam- 
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pie. Quantitative measurements of the amount of am- 
plified DNA fragments are possible by the FRET sys- 
. tern if the selected hybridization probes bind to 
the amplified fragments quantitatively, i.e. stoi- 
chiometrically . 

For quantification of target DNA, the latter is 
compared with a known DNA concentration of a stan- 
dard. The cloned 16S rRNA gene im pGEM-T or else 
the control plasmid which can be employed according 
to the invention (pIJ6) is suitable for this pur- 
pose . 

In this method, the fluorescence is measured after 
each of the total of 50 amplification cycles. If 
the concentration of the standard is high, a fluo- 
rescence signal appears for example after only 20 
cycles. A low concentration leads to a signal only 
after for example 35 cycles. 

The standard is measured on the one hand separately 
from the samples to be investigated, using at least 
five different concentrations in order to construct 
a standard curve. If the plasmid pIJ6 is used, it 
is possible in each case to use one concentration 
of the standard in each sample investigated. Dif- 
ferentiation between standard and target DNA takes 
place via the difference in melting point. The 
standard serves in particular simultaneously as 
control that the amplification was not inhibited by 
interfering factors (inhibition control) . 

The FRET-labelled hybridization probe pairs em- 
ployed in the reaction mixture are used to detect 
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the amplified fragments. The amplification reaction 
proceeds as in Example 1, measuring the fluores- 
cence after each amplification step. The optimal 
annealing temperature is 62 °C. The melting point 
analysis is carried out unimpaired after completion 
of the amplification reaction as in Example 1 c) . 
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Table 1: 



Microorganism 


Melting temperature with 
hybridization probes specific for 


according to the invention 


Comparative 


A* 


Genus 
III 


Mycoba cteri urn 


Genus 


tuber- 
culosis 


avium 


II 


I. Mycobacterium tuberculosis complex 


M. tuberculosis H37Rv 
(ATCC 35712) 


+ 


61.5°C 


64°C 


54°C 


60.5°C 


M. bovis 


+ 


61.5°C 


64°C 


54°C 


60.5°C 


M. bovis BCG Pasteur 


+ 


61.5°C 


64°C 


54°C 


60.5°C 


XX . non- tuberculous mycobacteria 


M. avium (ATCC35712) 


+ 


61.5°C 


43, 5°C 


61°C 


60.5°C 


M. paratuberculosis 


+ 


61.5°C 


43, 5°C 


61°C 


I 60.5°C 


M. intracellulare 


+ 


61.5°C 


- 


51°C 


60.5°C 


M. kansasii (DSMZ 44162) 


+ 


61. 5°C 


50°C 


48°C 


60.5°C 


M. gastri (DSMZ 43505) 


+ 


61.5°C 


50°C 


48°C 


60.5°C 


M. abscessus (ATCC 19977) 


+ 


61. 5°C 






60.5°C 


M. chelonae (ATCC 35752) 


+ 


55°C 






60.5°C 


M. celatum (ATCC 58131) 


+ 


61.5°C 




44° 


60.5°C 


M. farcinogenes (ATCC 35753) 


+ 


61. 5°C 


50°C 


| 48°C 


60.5°C 


M. hamophilum (ATCC 2 954 8) 


+ 


61.5°C 


50°C 


| 48°C 


60.5°C 


M. malmoense (ATCC 2704 6) 


+ 


61.5°C 




43°C 


60.5°C 


M. marinum (ATCC 927) 


+ 


61.5°C 


45°C 


48°C 


60.5°C 


M. scrofulaceum (ATCC 19981) 


+ 


61.5°C 


50°C 


48°C 


60.5°C 


M. shimoidei (ATCC 27 962) 


+ 


61. 5°C 


50°C 


| 48°C 


60.5°C 


M. xenopi 


+ 


61. 5°C 


54°C 


47°C 


59°C 


M. simile 


+ 


61.5°C 


50°C 


48°C 


60.5°C 


M. agri (ATCC 27406) 


+ 


61.5°C 




43°C 


53°C 


M. triviale (ATCC 23292) 


+ 


61.5°C 


48°C 


49°C 


53°C 


M. fortuitum 


+ 


61.5°C 


45°C 


47°C 


60.5°C 


M. chitae (ATCC 19627) 


+ 


61.5°C 


51°C 


51°C 


56.5°C 


M. duvalii (ATCC 43910) 


+ 


61.5°C 


43°C 


45°C 


60.5°C 


M. neoaurum (ATCC 257 95) 


+ 


61.5°C 


48°C 


53°C 


60.5°C 


Af. phlei (ATCC 11758) 


+ I 


61.5°C 




44°C 


60.5°C 


M. rhodesiae (ATCC 27024) 


+ 


61.5°C 


52°C 


52°C 


60.5°C 


M. smegmatis \ 


+ 


61.5°C 






60.5°C 


M. senegalense (ATCC 33027) 


+ 


61.5°C 


46°C 


48°C 


60.5°C 


M. porcinum (ATCC 3377 6) 


+ 


61.5°C 


49°C 


51°C 


60.5°C 


M. gordonae (DSMZ 44160) 


+ 


61.5°C 




42,5^ 


60.5° 


W. szulgai (ATCC 35799) i 


+ 


61.5°C 


51°C 


42,5°C 


60.5° 


H. genavense 


+ 


61 .5°C 


51°C 


50°C 


60.5° 


III. non-mycobacterial actlnomyces 


Nocardia farcinica (ATCC 3318) 












Nocardia brevicatena I 
(ATCC 15333) ; 












Streptomyces griseus 












Rhodococcus egui 
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Microorganism 


Melting temperature with 
hybridization probes specific for 


according to the invention 


Comparative 


A* 


Genus 


Mycoba cterium 


Genus 
II 


tuber- 
culosis 


avium 


Cory neb. pseudodiphteriticum 
(ATCC 10700) 


+ 


43°C 


44°C 


44°C 


47°C 


Coryneb. jeikeium 


+ 


44°C 


44°C 


44°C 


47°C 


Coryneb. xerosis (ATCC 373) 


+ 








47°C 


IV. Gram-positive bacteria 


Bacillus subtills (ATCC 6633) 












Bacillus cereus 












Staphylococcus aureus 
(ATCC 25923) 












Staphylococcus epidermidis 
(ATCC 12228) 












Streptococcus pneumoniae 
(ATCC 49619) 












Listeria monocytogenes 
(ATCC 19115) 












Ehterococcus faecalis 
(ATCC 2 9212) 












V. Gram-negative bacteria 


Proteus mirabilis (ATCC 14153) 












Escherchia coli (ATCC 25922) 












Salmonella typhimurium 
(ATCC 14 028) 












Shigella sonnei (ATCC25930) 












Klebsiella pneumoniae 
(ATCC 10031) 












Pseudomonas aeruginosa 
(ATCC 27853) 












Moraxella catarrhalis 
(ATCC 19115) 












VI. Fungi 


Candida albicans 












Candida glabra ta 












Candida crusei 1 












Aspergillus fumigatus i 












Fusarium 













*) A: Amplification of the 16S rRNA fragment with 
the genus-specific primers of the invention 
+ : Amplification took place 
5 -: Amplification did not take place 
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SEQUENCE LISTING 

<1I0> Cytonet GmbH & Co . KG 
Bange, Franz-Christoph 
Bottger, Erik Ch. 



<I20> Nachweis von Mykobakterien in klinischem Material /th^-,. 
Mycobacteria in Clinical Specimen) ni ^cnem Material (Identification of 



<130> 25096 



<I50> DE 10215238.1 
<151> 2002-04-06 



<160> 17 



<170> Patentln version 3.1 

<210> 1 

<2Ii> 21 

<212> DNA 

<213> Mycobacterium 

<400> 1 

gagtttgatc ctggctcagg a 



21 



<210> 2 
<211> 18 
<212> DNA 

<213> Mycobacterium 
<400> 2 

gataagcctg ggaaactg 

13 



<210> 3 
<211> 18 
<212> DNA 

<213> Mycobacterium 
<400> 3 

ctaccgtcaa' tccgagag 

18 

<210> 4 
<211> 18 
<212> DNA 

<213> Mycobacterium 
<400> 4 

ggcggagcat gtggatta 

18 



<210> 5 
<21i> 20 
<212> DNA 

<213> Mycobacterium 
<400> 5 

tgcacacagg ccacaaggga 

20 



<210> 6 
<2il> 20 
<212> DNA 

<213> Mycobacterium 
<400> 6 

cgcgggctca tcccacaccg 

<210> 7 
<211> 22 
<212> DNA 

<213> Mycobacterium 
<400> 7 

taaagcgctt tccaccacaa ga 

<210> 8 
<211> 20 
<212> DNA 

<213> Mycobacterium 
<4 00> 8 

cgcgggccca tcccacaccg 

<210> 9 
<211> 21 
<212> DNA 

<213> Mycobacterium 
<400> 9 

aaaagctttc caccagaaga c 

<210> 10 
<211> 23 
<212> DNA 

<213> Mycobacterium 
<400> 10 " 

gcaacgcgaa gaaccttacc tgg 

<210> 11 
<211> 18 
<212> DNA 

<213> Mycobacterium 
<400> 11 

tttgacatgc acaggacg 

<210> 12 

<211> 21 

<212> DNA 

<213> Mycobacterium 



<400> 12 

gagtttgatc ctggctcagg 



<210> 13 
<211> 20 
<212> DNA 

<213> Mycobacterium 
<400> 13 

aaggaggtga tccagccgca 



<210> 14 
<211> 21 
<212> DNA 

<213> Mycobacterium 
<400> 14 

ggcttgacat gcacaggacg c 

<210> 15 
<211> 21 
<212> DNA 

<213> Mycobacterium 
<400> 15 

gcgtcctgtg catgtcaagc c 



<210> 16 
<211> 21 
<212> DNA 

<213> Mycobacterium 
<400> 16 

ggtttgacat acactggacg c 

<210> 17 

<211> 21 

<212> DNA 1 : , 

<213> Mycobacterium 

<400> 17 

gcgtccagtg tatgtcaaac c 



